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Grasslands have been found to show high plant 
(e.g. Lengyel et al. 2012) and animal species diversities 
(e.g. arthropods Rácz et al. 2013, Déri et al. 2011, birds 
Hamer et al. 2006, mammals Mérő et al. 2015). Due to 
increased agricultural use of land, the area of grasslands 
has decreased considerably, and they have become a 
focus in conservation biology in Europe (Hedberg & 
Kotowski 2010, Kiehl et al. 2010) and North America 
(Herkert 1994, Gerla et al. 2012). To the best of our 
knowledge, only a few studies describe the relationship 
between the proportion of cropland within a grassland 
area and the breeding avifauna (e.g. Robinson et al. 
2001). A North American study reported that besides 
the heterogeneity of a short-grass prairie habitat, factors 
such as landscape heterogeneity and prey availability 
can influence the distribution of nesting grassland bird 
species (Hamer et al. 2006). Furthermore, rapid changes 
in grasslands (e.g. fragmentation) negatively influence 
grassland bird communities by increasing predation 
pressure (Blouin-Demers  & Weatherhead 2006), 
by brood parasitism (Robinson et al. 1995) and by 
limited movement of individuals between habitat units 
(Ricketts 2001).
In Serbia, alkaline and salty grasslands are mainly 
located in the province of Vojvodina. The majority 
are not subject to conservation and their water 
regime is therefore disturbed by melioration works. 
As a consequence of ploughing, grasslands show a 
fragmented distribution in the Vojvodinian landscape. 
Despite the presence of habitat fragmentation, the 
Vojvodinian alkali and salty grasslands are biologically 
valuable habitats (Đapić et al. 2015). Similarly to 
Hamer et al. (2006) we aimed to investigate the 
relation between the proportion of croplands on the 
nesting avifauna of salt grasslands. The aim of this 
study therefore, was to present the nesting avifauna 
of the alkali grasslands of the upper Mostonga River 
catchment-basin and then to explore the relation 
between the proportion of croplands and the species 
richness and the number of nesting pairs.
The study area lies in the region of Sombor (NW 
Serbia), between the settlements of Stanišić and 
Kruševlje (N 45.9329°, E 19.1328°) at the northernmost 
end of the west Bačka loess terrace. The entire area of 
the loess terrace is influenced by the semi-dry or dry 
period of the year which has a remarkable impact on 
the flora and fauna of the alkali grasslands. The annual 
mean temperature is 10.7°C – warmest in July with a 
monthly mean of 21.1°C, and coldest in January with 
a monthly mean of 0.8°C. The mean precipitation 
amount is 570 mm (Tomić 1996). Groundwater is 
located about 150 cm under the ground. However, its 
level y depends strongly on annual climatic conditions 
(Parabućski 1980).
The size of the study area is approximately 
400  ha with an average elevation above sea level 
of 90  m. The area is interspersed with melioration 
canals and croplands where mainly corn and, to a 
smaller extent wheat, sunflower and soy, grow. These 
alkaline grasslands are characterised by the Lepidio-
Puccinellietum limosae vegetation assemblages, 
containing 31 plant species (Parabućski 1980). In the 
northern parts of the study area, the dominant plant 
is sea aster Tripolium pannonicum; the Pannonian 
vegetation assemblages containing this species are 
suggested to have desert characteristics (Parabućski 
1980). The banks of the meliorations are overgrown 
with cattail Typha ssp. and common reed Phragmites 
australis. Shrubs such as blackthorn Prunus spinosa and 
European elder Sambucus nigra occur accidentally. The 
southern border of the study area is a driveway with low 
traffic intensity. At times some parts of the grassland 
have been mown or grazed by sheep or cattle. The 
grasslands are interspersed by croplands. In this study 
cropland is defined as land where crops grow.
The study was performed in the breeding seasons of 
2011 and 2012 during April, May and June. Birds were 
counted at seven transects lying immediately parallel 
to one another in a south-north orientation (Figure 1). 
The distance between transects was approximately 
250 metres. Such a distance was necessary in order to 
avoid double counting, i.e. pseudo-replication. The 
length of each transect was approximately 1500  m. 
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We mapped the territories of birds when walking 
slowly through transects, i.e. a combination of the 
transect and mapping methods (Bibby et al. 2000, 
Gibbons & Gregory 2006, Gregory et al. 2004). We 
have taken into account all birds showing territorial 
behaviour and singing males that were within 120 m 
of either side of the transect. Territories which could 
not be clearly linked to a transect were excluded from 
the analysis (e.g. those for Skylarks Alauda arvensis) 
to avoid uncertainties. Transects were visited every 
14th day, i.e. eight visits per breeding season. We then 
estimated the proportion of croplands in each transect 
by walking along transects with a hand-held GPS 
receiver, measuring and recording the length of both 
grasslands and croplands. The proportion of croplands 
per transect was calculated by dividing the total lengths 
of croplands with the total length of transect. 
In the statistical analysis we included birds 
that were recorded at least three times in the same 
territory during one breeding season, showing 
territorial behaviour such as singing, defending a nest 
or defending a female mate. These were considered as 
Tabela 1: Maksimalno število gnezdečih parov in vrst na posameznem transektu v gnezditvenih sezonah 2011 in 2012
Table 1: The maximum number of nesting pairs and species in each transect for the breeding seasons 2011 and 2012
Species / Vrsta
Maximum number of nesting pairs per transect/ 
Maksimalno število gnezdečih parov na transekt
Nesting density 
per 100 ha/ 
Gnezditvena 
gostota na 100 haT1 T2 T3 T4 T5 T6 T7
Falco tinnunculus 1 0.4
Coturnix coturnix 1 1 0.8
Vanellus vanellus 1 1 0.8
Tringa totanus 1 0.4
Alauda arvensis 3 3 7 9 7 8 4 16.3
Galerida cristata 1 1 0.8
Hirundo rustica 1 2 1.2
Motacilla flava 1 4 6 7 6 2 3 11.5
Saxicola rubetra 1 4 2 3 4 3 6.7
Saxicola rubicola 1 2 1 1 2.0
Sylvia communis 2 1 1.2
Acrocephalus schoenobaenus 3 1 3 3 4.0
Acrocephalus scirpaceus 1 1 0.8
Acrocephalus palustris 2 0.8
Acrocephalus arundinaceus 3 2 5 1 4.4
Lanius collurio 1 0.4
Lanius minor 1 0.4
Sturnus vulgaris 1 1 0.8
Passer domesticus 2 5 2.8
Passer montanus 2 3 2.0
Chloris chloris 1 0.4
Emberiza schoeniclus 1 0.4
Emberiza calandra 1 2 3 4 5 4 3 8.7
Total no. of pairs / Skupno št. parov 8 19 37 30 33 23 21
No. of pairs per 10 ha / Št. parov na 10 ha 2.2 5.3 10.3 8.3 9.2 6.4 5.8
No. of species / Št. vrst 6 11 11 9 10 7 10
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nesting pairs. For every transect we calculated the total 
number of nesting pairs, the density of nesting pairs 
per 10 ha and the number of nesting species. For each 
species we calculated the nesting density for the total 
area (1.5 km × 0.24 km × 7 = 2.52 km2, corresponds 
to 252 ha). We then applied simple linear regression 
where the relationship between the numbers of nesting 
pairs and species, and the proportion of cropland were 
tested. Variables used in the tests displayed normal 
distribution (Shapiro-Wilk test, P = 0.179–0.898). All 
tests were performed in the SPSS version 20 statistical 
software.
A total of 171 breeding pairs belonging to 
23 species was recorded in the investigated alkali 
grassland, with breeding densities ranging from 2.2 
to 10.3 pairs per 10 ha (average 6.8 nesting pairs per 
10 ha, Table 1). The number of species per transect 
ranged between 6 and 11. The most abundant breeding 
species were the Skylark with 41 (16.3/100 ha), the 
Yellow Wagtail Motacilla flava with 29 (11.5/100 ha) 
and the Corn Bunting Emberiza calandra with 22 
breeding pairs (8.7/100 ha) per transect. Less abundant 
breeding species were the Kestrel Falco tinnunculus, 
the Greenfinch Chloris chloris and the Reed Bunting 
Emberiza schoeniclus represented by one pair each 
(0.4/100 ha) (Table 1). Both the number of breeding 
pairs (F6 = 21.761, P  <  0.0001, Figure 1A) and the 
number of breeding species (F6 = 13.758, P = 0.001, 
Figure 1B) were negatively influenced by the proportion 
of croplands, i.e. a higher percentage of croplands was 
associated with smaller numbers of breeding pairs and 
of breeding species.
Although some species, such as the Skylark and the 
Crested Lark Galerida cristata, adapt well to rapidly 
changing agricultural landscapes (Cramp 1988), in 
our study we found only two nesting pairs of Crested 
Lark, while the number of nesting Skylarks was 41 
pairs, suggesting that grassland fragmentation is less 
relevant than other factors to the occurrence of these 
two species (Šímová et al. 2015). A possible explanation 
in the difference of the number of nesting pairs in both 
species may lie in their differences in habitat preference 
(Kovács 1998a, b). The presence of some species in 
solitary shrubs (e.g. Whitethroat Sylvia communis, 
Red-backed Shrike Lanius collurio), trees (e.g. Starling 
Sturnus vulgaris, Lesser Grey Shrike Lanius minor) 
and small reed patches (e.g. Reed Bunting Emberiza 
schoeniclus) or reed beds along the small canals (e.g. 
Acrocephalus warblers) that intersperse the grasslands, 
suggests that unploughed areas of the study area are 
favoured by a wide range of bird species. Mean total 
nesting densities in our study were higher than the 
2.5 pairs/10 ha found by Moreira (1999), but lower 
than the 10 pairs/10 ha found by Pavel (2004).
Figure 1: The seven transects in the alkali grassland area 
near Stanišić (NW Serbia)
Slika 1: Sedem transektov na območju bazičnih travišč blizu 
Stanišića (SZ Srbija)
Figure 2: The relationship between the proportion of cropland 
and the numbers of (a) nesting species and of (b) nesting 
pairs for 2011 and 2012. The maximum numbers of pairs 
and species are given for each transect for both years together.
Slika 2: Odnos med deležem obdelovalnih zemljišč in 
(a) številom gnezdečih vrst ter (b) gnezdečih parov v letih 
2011 in 2012. Za izračun je bilo uporabljeno maksimalno 
število parov in vrst na posameznem transektu v obeh letih.
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In general, breeding densities of species found in 
our study were relatively small. For example, in some 
Hungarian grassland the nesting density of Skylarks 
varied between 8.3 and 22.7 pairs per 100 ha (Traser 
1983, Kovács 1984). The breeding densities of the 
Lapwing Vanellus vanellus were greater than 13 and, 
of the Redshank Tringa totanus, more than 68 times 
larger than in our study (Marián 1976, Kovács 1984). 
For passerines, such as the Sedge Warbler Acrocephalus 
schoenobaenus and the Reed Bunting, the breeding 
densities in our study were considerably lower than 
in the study of Traser (1983). In contrast with most 
of the species, the Yellow Wagtail and Corn Bunting 
showed much higher nesting densities in our study than 
in the grasslands near the Fertő Lake (Traser 1983). 
These large differences between grasslands in various 
geographical regions suggest that there may be various 
factors that can locally influence the occurrence and 
nesting density of a species. For example, the higher 
nesting density of the Redshank in Hungary was 
probably due to the availability of larger areas covered 
by water in spring than at our study site.
Similarly to Hamer et al. (2006), we found 
a significant negative relationship between the 
proportion of cropland and the number of nesting 
species and nesting pairs, indicating that both were 
lower when the proportion of cropland was greater. The 
proportion and area of the grassland habitat have been 
found to influence the richness and nesting density 
of grassland bird species (Møller & Jennions 2002), 
which was linked to the availability of edges (Hamer 
et al. 2006). The more aggregated grassland patches 
contained more bird species (Hamer et al. 2006). The 
frequent edges between grassland and croplands may 
function as ecological traps due to increased predator 
density (Flaspohler et al. 2001), since that predators 
were suggested to use these edges as foraging corridors 
(Small & Hunter 1988). We assume that the similar 
pattern in the number of nesting species and density 
found in our study may also be explained by frequent 
edges between cropland and grassland and associated 
with predation pressure.
In conclusion, general nesting densities of grassland 
birds may vary geographically. The nesting densities of 
each species were generally much lower at our study 
site, except for very few species, suggesting that various 
local factors can influence the presence and density of 
a species. Similarly to previous findings, the proportion 
of cropland influenced negatively bird species richness 
and abundance. Since these alkali grasslands of the 
upper Mostonga River belong to the national ecological 
net, we suggest that studies like ours should also be 
conducted for other groups of animals and plants. These 
grasslands are planned to be protected areas until 2019 
and are recommended for inclusion in the UNESCO 
biosphere reserve “Mura-Drava-Danube” (Đapić et al. 
2015). The biodiversity of the upper Mostonga River 
grasslands would greatly benefit from such protection.
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Povzetek
Na traviščih je raznovrstnost rastlinskih in živalskih 
vrst velika. Največ bazičnih travišč v Srbiji je v 
Vojvodini, večina jih ni zavarovanih. Cilj naše raziskave 
je bil ugotoviti odnos med deležem obdelovalnih 
površin in (1) številom gnezdečih vrst ter (2) številom 
gnezdečih parov na bazičnih traviščih v zgornjem toku 
reke Mostonge (SZ Srbija). Obravnavano območje je 
bilo veliko 400 ha. Ptice smo popisovali vzdolž sedmih 
vzporednih transektov osemkrat na gnezditveno 
sezono. Vzdolž transekta smo merili dolžino travišč 
in obdelovalnih zemljišč. Delež obdelovalnih zemljišč 
smo izračunali tako, da smo dolžino obdelovalnih 
zemljišč vzdolž transekta delili s celotno dolžino 
transekta. Odnos med deležem obdelovalnih zemljišč, 
številom gnezdečih vrst in številom gnezdečih 
parov smo ocenili z linearno regresijo. Skupno smo 
na obravnavanem območju popisali 171 gnezdečih 
parov 23 vrst z gnezditvenimi gostotami med 2,2 
in 10,3 para na 10 ha. Število vrst na posameznem 
transektu je bilo med 6 in 11. Najpogostejše vrste so 
bile poljski škrjanec Alauda arvensis, rumena pastirica 
Motacilla flava in veliki strnad Emberiza calandra. 
Delež obdelovalnih zemljišč je negativno vplival tako 
na število gnezdečih parov (P < 0,0001) kot število 
gnezdečih vrst (P  =  0,001). Te ugotovitve poudarjajo 
pomen usklajenih varstvenih ukrepov na bazičnih 
traviščih v Vojvodini.
Abstract
Grasslands host a high diversity of plant and animal 
species. In Serbia, most alkali grasslands are located in 
the province of Vojvodina. The majority are not subject 
to conservation. The aim of the study was to investigate 
the relationship between the proportion of croplands 
and (1) the number of breeding species and (2) the 
number of breeding pairs in the alkali grasslands of the 
upper Mostonga River catchment basin (NW Serbia). 
The size of the study area was 400 ha. Birds were 
surveyed along seven parallel transects eight times 
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per breeding season. Lengths of the cross sections of 
both grasslands and croplands were measured. The 
proportion of croplands per transect was calculated by 
dividing the total length of cross sections of croplands 
by the total length of transect. The relationship 
between the proportion of croplands and the number 
of breeding pairs and the number of breeding species, 
respectively, was studied using simple linear regression. 
We recorded a total of 171 nesting pairs belonging to 
23 species in the alkali grassland investigated, with 
breeding densities between 2.2 and 10.3 pairs per 10 
ha. The number of species per transect ranged between 
6 and 11. The most abundant species were Skylark 
Alauda arvensis, Yellow Wagtail Motacilla flava and 
Corn Bunting Emberiza calandra. The numbers 
of breeding pairs (F6 = 21.761, P < 0.0001) and of 
breeding species (F6 = 13.758, P = 0.001) were both 
influenced negatively by the proportion of croplands. 
These findings highlight the need for coordinated 
conservation measures on the alkali grasslands of 
Vojvodina.
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